Abstract -Characterization of the spatial organization of agricultural practices is required for an assessment of the risks of diffuse pollution by pesticides. In the case of a vineyard catchment in Southern France, the authors hypothesized that the diversity of weed control practices is spatially organized at different levels. The practices were characterized on the basis of interviews with 27 vine-growers belonging to two different wineries. Three practices were differentiated according to the intensity of herbicide use. The results showed that field characteristics related to inter-row width play an important role in the weed control choices but fully make sense in the context of the holding, where choices of practices are related to the size of the workforce and the structure of the vineyard. The supply basin of a co-operative winery appeared as a third level of organization of the practices as the wineries direct the structure of their members' vineyards through their incentive policy. Finally, the possibility of using the results to localize weed control practices is discussed.
INTRODUCTION
Assessment of the risks of diffuse water pollution associated with cropping practices is a topic of current concern in numerous countries, owing to the growing use of pesticides and fertilizers since the 1950s [14, 25] . In Southern France, the regional water quality inventories conducted from 1999 to 2001 [1, 2] show that surface water of the overall observation network and more than 80% of the subterranean water of the same network are contaminated. 65% and 80%, respectively, of the active matters found in surface and subterranean water are herbicides. The knowledge of water contamination processes indicates that this pollution should be seen in relationship to the importance of vine-growing and the high risks of herbicide leaching in a Mediterranean climate. The pollution measurable at the catchment outlet is in fact related to the transport of the active matter by runoff during heavy rainfall events [19, 20, 21] .
This knowledge assigns a crucial role to vineyard weed control practices. There are two main methods of weed control: integral chemical weed control of the field and partial chemical weed control. In the first case herbicides are sprayed on the rows and inter-rows of vine. The partial chemical weed control combines chemical weed control of the rows and of possibly part of the inter-rows with repeated surface tillage of the interrows that do not receive herbicides. On average, partial chemical weed control uses 30 to 60% less herbicide than integral chemical weed control.
The choice of a weed control method and the dates on which the different operations are carried out are particularly implicated in the pollution process: tillage or no tillage, the dates of the different tillage affect the hydraulic conductivity of the soil surface and the volume of runoff water at the field outlet, while the doses and dates of herbicide-spreading influence the dissipation of the active matter through the effect of micro-organisms and determine the concentration of herbicides in the runoff water.
However, the knowledge obtained about the pollution processes tends to show that, in order to assess the risks of diffuse pollution, a good representation of the importance of each type of practice and the spatial localization of each is required [4, 9, 16, 23] . This representation could be obtained by regular observations of soil surface characteristics and exhaustive survey of the farmers concerned. In practice, such observations and survey are not realizable because of the time they would require. Another way is to look for indicators related to field characteristics, holding structures and economic environment to assess the diversity of practices and the probable spatial localization of each. This is what we propose to do in the case of a vineyard catchment in Southern France (Hérault Department). The catchment, about 100 km 2 in area, suffers from serious pollution of the surface water by herbicides.
In the present article, we examine the choices of the dominant weed control methods, as defined above, which determine the intensity of herbicide use. We ask (1) what are the determinants of these choices and (2) whether these determinants can be geographically localized.
We explore three possible levels of spatial organization of the diversity of the weed control practices: the field, the farm holding and its land, and the co-operative winery and its supply basin. Our hypotheses regarding the choice of the explored levels of organization and the resulting methodological choices are described in the following two Sections. The results of this exploration are presented in Section 4. In the final section, the possibility of using the results to localise weed control practices, and the question of the appropriate level of data spatialization in order to assess the pollution risks at a catchment outlet are discussed.
HYPOTHESES REGARDING THE LEVELS OF SPATIAL ORGANIZATION OF WEED CONTROL PRACTICES IN THE VINE-GROWING AREA OF SOUTHERN FRANCE
With 298 000 ha of vineyards (i.e. a third of the regional UAA) concentrated in the coastal plain and the foothills of the mountainous massifs, Languedoc-Roussillon is the largest vine-growing region in France. It is characterized by the heterogeneity of its vineyard, the strong diversity of structure of the holdings and the importance of co-operative wineries in the organization of the industry. We hypothesized that these three characteristics are likely to structure the diversity of the weed control practices.
The field, the farm holding and its land
At the local or micro-regional level, which is the level concerned here, the field and the farm holding and its land are often advanced as the favored levels of spatial organization of farming activities [12, 17, 26] .
Field determinants
The field constraints restrict the technical choices. In the case of vineyard weed control, we can assume that these constraints are related to topographic position, soil type and planting structure.
The central vine-growing plain of the Languedoc, where our study is located, presents a succession of geomorphological units that, according to Bonfils [6] , determine the distribution of the different soils in the landscape. These soils have contrasting properties, particularly in terms of surface texture, and can therefore influence the choice of weed control practices.
One of the characteristics of the Languedoc vineyard is its heterogeneity. This results from gradual replanting associated with the major transformations that have radically changed vine-growing in the region over the last century [31] . Starting with the appearance of the first vineyard tractors in the 1960s, ever-greater mechanization has necessitated an increase in inter-row widths and changes in vine training (conversion from bush vines to wire-trained vines). Then, the switch from massproduction to quality wines since the 1970s has been accompanied by a renewal of the grape varieties. The traditional varieties have been partially replaced by what are termed "aromatic" varieties. At the present time, 50% of the regional vineyard is planted in aromatic varieties [11] . In holdings that have not completed their transformation, fields of old bushpruned vines, planted equidistantly from one another with inter-plant spacing of 1.6 or even 1.5 m, grow side by side with fields of younger vines, wire-trained and planted in aromatic varieties in spaced rows (2 m or 2.5 m apart). Between the two, we find fields of bush vines or wire-trained vines with intermediate spacing.
Inter-row heterogeneity is a constraint on soil management. The inter-row width determines both the minimum size of the tools that can pass between the rows and ease of work. Only tools under 1 m wide can be used if the inter-row width is 1.6 m or under. Such widths were suitable for animal traction but make it difficult for tractors to pass easily. The risks of damaging the harvest by knocking against the clusters as the tractor passes are high from June onwards, particularly in bush-pruned fields.
Holding-related determinants
Different studies have shown that crop management choices are not made on the scale of the individual field but on that of sets of fields with possibly different characteristics, such as soil type, variety, etc. [3, 27] . The idea of "sets of fields" shows the effect of an endeavor to simplify the work, which takes us back to the structural constraints or to the methods of operation of the holding. The possibility of associating these farms' characteristics with the technical choices has often been emphasized [8, 17] . In particular, economic constraints and work organization-related constraints associated with the availability of equipment and labor are frequently advanced to explain the diversity of practices among farmers [10, 22, 28] . As a result, economic and organizational constraints can mask some or all of the field constraints and be reflected in different technical choices for the land of different farms.
In the case of the Languedoc, the small average size of the holdings covers major structural differences. According to the last farm census [11] , 54% of the holdings cultivate under 5 ha of vines and only 14% over 20 ha. In terms of area, the former represent only 8% of the Languedoc vineyard while the latter represent 52%. Because of the concentration of vines in localized areas of production, 88% of these holdings specialize in vine-growing. There are numerous retired people and smallholders whose main business activity is not farming. In 2000, they represented 21% and 28%, respectively, of vineyard managers.
Because of these differences in size of holding and the status of the vineyard manager, we hypothesized that there is a diversity of production resources (equipment and labor) and that this diversity has an effect on the choice of weed control methods.
In particular, there are differences in workload, depending on the techniques chosen. Integral chemical weed control is a costly technique as it involves the purchase of greater volumes of herbicides than are required for partial chemical weed control. However, it involves far less work, as it reduces the number of passes between the vines, particularly in the very busy spring and early summer period of the year. The choice of a weed control technique will therefore be extremely sensitive to the marginal cost that the vine-grower attributes to an hour of weed control work. One can hypothesize that the marginal cost is not necessarily the same for all fields in the holding because of the high variability of raw margins according to the fields and the grape varieties.
The co-operative winery and its supply basin
The field and the land of the holding are probably not the only levels at which the diversity of the practices are spatially structured. In the case of vine-growing in the Languedoc, the supply basin of a co-operative winery 1 can also be a structuring level as it often covers a more or less continuous area in which the grape variety characteristics are relatively homogeneous. In fact, co-operatives have considerable weight in the industry: in 1997, they were responsible for grape collection in over 70% of the Hérault vineyard [31] . In this department, almost 20 000 vine-growers are members of one or more co-operative wineries, to which they are obliged to deliver their entire production. In most cases, the supply basin of a co-operative winery extends over some or all of the vine-growing land of one or more communes. The co-operatives direct the structure of their members' vineyards through their incentive policy regarding change of grape variety and through their pricing policy, which determines the payment that the vine-growers receive [13] . They can therefore indirectly influence the choices of weed control practices in their supply basin.
MATERIALS AND METHODS

Study area
The catchment studied is the Peyne catchment in the lower Hérault Valley. It covers an area of about 100 km 2 including 8 000 ha of UAA and intersects the land of 7 communes. It is a vine-growing catchment characteristic of vine-growing in the Languedoc plain. Its relief is varied (maximum altitude: 280 m, minimum altitude: 17.5 m) and one can find there the soil diversity of the central vineyard plain of the Hérault Department described by Bonfils [6, 15] with the RP classification: leptic calcosols and colluviosols on Miocene sediments with a finesandy loamy clayey to loamy fine-sandy clayey texture; brunisols and fersialsols from old alluvial deposits on stony plateaux, with a coarse-sandy clayey to clayey coarse-sandy texture ( Fig. 1) .
Five co-operatives collect the production of the vine-growers within the catchment. Inquiries made of the managers of the co-operative wineries in our study area show differences between the co-operatives in their incentive policy regarding change of grape variety. These are reflected in differences in the levels of change of variety on the supply basin scale.
Data collection
Composition of sample of vine-growers to be surveyed
A sample of 27 farm holdings was made with the aim of covering a diversity of rate of change of vine varieties, a diversity of area of land, and a diversity of localization of fields. These criteria were easy to vary in the sample and are, according to our hypotheses, good determinants of a variation of the weed control practices.
From the five co-operative wineries, we selected two -wineries A and B -characterized by as different as possible rates of change of variety in their supply basin and whose supply basins cover the scope of soil types recorded in the Peyne Valley. Until the end of the 1990s, winery A had opted to maintain mass-production of inexpensively produced wines and therefore did little to encourage the restructuring of its members' vineyards. Today, its supply basin is characterized by the lowest rate of change of variety in the Peyne catchment (35%). In contrast, winery B embarked on converting its vineyard early on and at present the grape varieties have been changed in 55% of its supply basin. The sample of vine-growers was distributed between the two wineries: 14 vine-growers are members of winery A and 13 of winery B. The vine-growers were selected from the lists of the winery membership (winery B) or the harvest declarations obtained from the mayor's office (winery A). In order to cover the regional diversity of farm holdings without over-representing the small farms, these were selected by stratified drawing in four area classes: under 4 ha, 4 to 10 ha, 10 to 20 ha and over 20 ha under vines. The 4 ha limit represents the minimum area for a holding, while the 20 ha limit corresponds to the holding model recommended by the Chamber of Agriculture of the Hérault Department in the 1990s (one man per 20 ha). We arbitrarily chose an intermediate limit to break up the sample better. In each winery, between three and four vine-growers per class were surveyed.
Content of survey questionnaire
The survey questionnaire was divided into two complementary parts. Part 1 concerned the description of the weed control practices used in the vineyard of the holding and of the area covered by each practice. Part 2 concerned the description of the variables likely to explain the choice of these practices. Within these variables, a distinction was made between the characteristics of the fields where each type of practice was used and the variables relating to the structure of the holding.
The field characteristics taken into account systematically concerned mode of vine training (bush or wire-trained vines), type of grape variety (traditional or aromatic), the inter-row width and possible characteristics left to the choice of the vinegrower in order to explain his choices (presence of surface roots, slope, field localization, field size, soil type, etc.).
The holding structure characteristics taken into account concerned both the vineyard characteristics (distribution of area by vine training, inter-row width and type of grape variety) and the traction and tillage equipment and available non-harvest workforce.
To reduce the duration of the survey, the data were recorded field by field in only 13 holdings, distributed between the two co-operative wineries in order to cover a diversity of location of fields and soil types. The fields of these holdings were localized on a 1/25 000 topographical map, enabling us to obtain data on soil type. To do so, each field was assigned the corresponding soil unit on the 1/100 000 map of Bonfils [6] . For the other 14 holdings of our sample, the data were recorded on the scale of the group of fields with the same characteristics.
RESULTS
Diversity and respective importance of weed control practices in the holdings sample
In order to differentiate weed control practices according to the intensity of herbicide use, we distinguish, on the one hand, integral chemical weed control (method M1) and, on the other hand, two sub-methods of partial chemical weed control (submethods M2a and M2b). In sub-method M2a, spraying of herbicide only concerns the rows, while tillage concerns all the inter-rows. In sub-method M2b, herbicide is sprayed on the rows and some of the inter-rows, while tillage is only used in the other inter-rows. In this last case, the inter-rows under chemical weed control are used to carry out spraying of pesticides during spring and summer. The absence of tillage in these inter-rows is aimed at ensuring a good bearing capacity. With sub-method M2a, the herbicides are spread on average over 50% to 65% of the field surface, as against only 30% with submethod M2b.
In our sample, method M1 is used by 85% of the vine-growers surveyed, on 41% of the fields and over 32% of the area (Tab. I). Sub-methods M2a and M2b are used in equivalent proportions. In total, they are used by 70% of the vine-growers, on 59% of the fields and over 68% of the area.
The number of fields in which the different practices are used was assessed on the basis of average field areas according to inter-row width. These areas were calculated on a sample of 193 fields belonging to the 13 holdings for which we had field by field data. In these holdings, the average area of a field of vines is 1 ha, with significant differences according to inter-row width: 0.67 ha for fields with narrow inter-rows, 0.77 ha for fields with intermediate inter-rows and 1.37 ha for fields with wide inter-rows. These differences can be explained by the consolidation that usually accompanies new plantations.
Distribution of weed control practices by field characteristics
As we hypothesized and if one confines oneself to the most aggregate level of the practices (M1 and M2), analysis of the distribution of the weed control practices by field characteristics shows "inter-row width" as the explanatory variable for a large part of the observed diversity (Tab. II). 89% of the area of vines with narrow inter-rows is under integral chemical weed control (M1 method). Inversely, 84% of the area under vines * assessed on the basis of average areas by inter-row width; ** number of vine-growers surveyed. Vine-growers using one or two weed control methods, the total of vine-growers concerned by each practice is superior to the number of vine-growers surveyed. with wider inter-rows is under partial chemical weed control (M2 method).
Other field characteristics were advanced by the vine-growers to justify their choices of integral chemical weed control: slope, field location (isolated field with wide inter-rows in the midst of fields with narrow inter-rows), field size and shape (which can make it difficult for a tractor to pass), presence of surface roots associated with a long absence of cropping, and a specific problem of difficult weed control. In our sample, the slope always intersects the "narrow inter-row" variable, and the other field characteristics only concern 4.2 ha of vine with over 1.6-m wide inter-rows (1% of the total area of vine in the sample).
Distribution of the weed control methods and sub-methods by soil type was carried out on the 146 fields of the 13 holdings for which we have field scale data. Owing to the low number of fields of luvic brunisols and of colluviosols with a redoxic layer we brought together the fields with similar soil in regard to properties of interest (Tab. III). Analysis of the data by a chisquared test did not indicate soil type as a criterion to differentiate the practices.
Distribution of weed control practices by the vineyard characteristics of the holdings
On the basis of the previous results, we examined the distribution of weeding practices at the level of the vineyard of the holdings to check the effect of the holdings on the stability of the relation between width of inter-rows and choice of weed control methods M1 and M2. -most importantly, some vine-growers (eight and three, respectively) use method M1 or method M2 on all their fields regardless of spacing. For four of the vine-growers who use integral chemical weed control on all their fields, the overall structure of their vineyard appears to exert an effect. They all have a very low proportion of vines with wide inter-rows (under 25%). It is as if these vine-growers use the same method for all their vines in order to simplify the work, the selected method being defined by the strongest constraint: that related to the presence of narrow interrows. Here we find a technical behavior linked to methods of managing the whole area under a crop and described for annual and perennial crops by various authors [3, 5, 27 ].
Distribution of weed control practices by the structural characteristics of the holdings
In this approach, we favored the choice of the dominant weed control practice. The vine-growers were divided into 3 groups (GM1, GM2a and GM2b) according to their dominant practice (Tab. IV). The groups contain eight, ten and nine vinegrowers, respectively. It should be noted that vine-growers using partial chemical weed control do not combine sub-methods M2a and M2b in their vineyard.
According to our initial hypotheses, the holding characteristics used to explain the weed control choices and hence the distribution of the holdings between the different groups are: age of vineyard manager, vineyard structure (percentage of total area under vines of different types by inter-row width, type of grape variety and vine training), available non-harvest workforce (in MPUs), area under vines per MPU and available equipment (presence or absence of tillage equipment for vines with different inter-row widths). The available equipment is the only discrete variable of all our variables. So we analyzed it independently of the others. The analysis showed that it could be only slightly implicated in the determination of the group to which a holding belongs. All vine-growers have tillage equipment. Only five of the 17 vine-growers using integral chemical weed control in all or part of their vineyard do not have equipment narrow enough to pass between vines with narrow or even intermediate inter-rows. All five belong to groups GM2a and GM2b.
A direct search for the discriminant variable combinations of the three groups of holdings was conducted on the other variables by discriminant factorial analysis (DFA). The high values obtained for the pseudo-Fisher classifiers calculated for each of the DFA axes indicate the pertinence of this approach. With values of 66.04 and 8.9, respectively, they are significantly higher than the highest coefficient obtained from the analysis of variance applied to each variable individually (5.87 for the MPU variable).
The discriminant space obtained is interpreted on the basis of the correlation of the original variables with the discriminant axes calculated at the mean point of the groups [30] . The first axis is related to workforce size, the relative importance of the areas planted in aromatic varieties, the high proportion of wiretrained surfaces and the percentage of surfaces planted with over 1.6-m wide inter-rows (Fig. 3) . The variable MPU being linked to the total area of vineyard by a coefficient of correlation of 0.8, we can consider that the first axis represents the dimension and rate of modernization of the holdings. On the right of the figure are localized large vine-growing structures characterized by a high rate of change of varieties. On the left are localized little structures with a high proportion of bush-pruned traditional varieties with narrow inter-rows. The second axis is related to the relative size of the area under wire-trained traditional varieties with narrow inter-rows and bush-pruned traditional varieties with intermediate inter-rows. These structural characteristics reflect a certain accommodation with changes in vine training: development of traditional types of training or early renewal inconsistent with the vine training developed from the 1970s onwards. Figure 4 represents the position of items in the plane of the discriminant factorial analysis. Its centre of gravity is occupied by the group of vine-growers for whom weed control in the rows only is the dominant practice -group M2b. Away from the centre of gravity, there is an intensified use of herbicides in the presence of large structures where there has been a change of variety -group M2a, or because of a small workforce and/ or narrow inter-rows in aging structures -group M1.
It should be noted that there were a few reclassifications (3 of the 27 observations, i.e. 11%) when the observations were assigned to their most likely group according to the discriminant factors. Such reclassifications occur between groups GM2a and GM2b (Tab. V). They do not affect the distribution of the holdings between groups GM1 and GM2a or b, which underlines the robustness of the discrimination between these groups. The characteristics of the different groups are summarized in Table VI , which presents the average values of the most discriminant variables of the analysis, for each group. The variables that show the greatest contrast between group GM1 and groups GM2a and GM2b are "non-harvest manpower unit" (MPU), "percentage of aromatic varieties" (ARM), "percentage of vines with over 1.6-m wide inter-rows" (WID) and "percentage of bush-pruned vines with narrow inter-rows" (BTN). The low value of the MPU variable in the first group is related to the high percentage of part-time vine-growers in these groups (5 of the 6 part-time vine-growers in the sample). Parttime vine-growers are not differentiated from the others by a significantly smaller area per MPU, as might have been expected. However close analysis of the division of labor in the holding shows that in every holding surveyed, it is the vineyard manager who virtually always drives the tractor, the other workers being given manual jobs. In the case of vine-growers with other business activities, integral chemical weed control, sometimes associated with minimum tillage, can been seen as a way of having "clean" vines even if the tractor is not available for tillage.
In the final analysis, this approach supports the idea that the field characteristics play an essential part in the adoption of a weed control method. But, at the same time, it limits the impact of the field constraints, which makes sense in the particular context of the overall characteristics of the holding and in particular of the adjustment of the size of the workforce and the number of hours worked to the size of the holding.
Distribution of weed control methods by co-operative winery membership
Membership of a co-operative winery explains part of the distribution of the holdings between the different groups (Tab. VII). The vine-growers belonging to winery B are distributed 50/50 between methods M2a and M2b. Half the vinegrowers belonging to winery A use M1 methods.
This distribution is reflected in terms of area. In our sample, 62% of the area under integral chemical weed control and only 24% of the area under partial chemical weed control are cultivated by vine-growers belonging to winery A (Tab. VIII). These areas represent 51% and 49%, respectively, of the total area under vines of the members of this winery (Tab. IX). In winery B, the percentage of the area under integral chemical weed control is much smaller than that under partial chemical weed control. This is explained by the structure of the sample, which shows the effect of winery A holdings that have made little change to their grape varieties, as was expected, and which gives greater weight to vine-growers with a small workforce (those with other business activities) in this winery. A. Biarnès et al.
DISCUSSION
Appropriate structuring levels of the diversity of practices
In this study, we differentiated the weed control practices by intensity of herbicide use. We thus distinguished between integral chemical weed control (M1 methods), characterized by the use of herbicides on the whole field, and partial chemical weed control (method M2) for which herbicide use is limited to the vine rows (sub-method M2b) and possibly part of the interrows (sub-method M2a). In the sample of holdings surveyed, the three hypothesized levels of structuring -the field, the farm holding and the co-operative winery -affect the observed diversity of the practices and its spatial distribution.
The field characteristics related to inter-row width explain the most important part of the distribution of practices between integral and partial chemical weed control methods, whereas choosing between partial weed control sub-methods cannot be explained by the field level variables. In particular, with the typology of soil and the 1/100 000 map used, soil type does not appear to be a determinant criterion to differentiate the practices. Nevertheless, further studies with more precise soil data are required to confirm this result. The results at the field level also show that the inter-row width related field constraint is not absolute, as it is not taken into account in the same way by all the vine-growers. Most of them have equipment to work their fields with narrow interrows, and a certain number of them in fact do so. The choice of integral chemical weed control for such fields seems to be because of genuine difficulties in working these fields as much as for economic reasons, which make them a lower priority in terms of work allocation. According to our survey, such fields are usually unproductive because their vines are very old and not as well paid per hectoliter because of the scale of payments of the studied co-operatives, and they are therefore waiting to be grubbed up sooner or later. In addition, the symmetry between vines with narrow inter-rows under integral chemical weed control and those with wider inter-rows under partial chemical weed control may be misleading. From a previous survey of winery A holdings [28] , we know that in 1995 a large part of the vines with wide inter-rows were under integral chemical weed control. These results confirm that field constraints are relative, on the one hand, to the characteristics of the holdings fields are part of and, on the other hand, to the economic context in which holdings are involved.
To take the fullest account of the diversity of the weed control practices, it thus appears necessary to focus on the farm holding. Replacement of grape variety, size of holdings and available workforce can in fact be used to differentiate the holdings by choice of practices at the most detailed level (M1, M2a or M2b). There is a tendency for holdings with the most intensive practices in terms of herbicide use over the whole of their vineyard to be the most constrained in terms of vineyard structure and/or available workforce. A vineyard structure where there has been change of variety argues in favor of tillage-based weed control practices, but even in such a situation the existence of a large structure can lead to a search for ways to simplify the work and consequently to more intensive use of herbicides.
Lastly, by affecting the structure of its members' vineyards through its plantation subsidy policy and its payment scale, the co-operative seems to induce a marked differentiation in relation to the structure of the sample which influences the spatial distribution of the practices.
Appropriate level of data spatialization
In the final analysis, these results underline some of the problems to be resolved if one wants to be able to propose a method of spatializing the practices in a water catchment aimed at assigning a practice or a probability of practice to precisely localized fields.
To do so, a first step is to localize the dominant field constraints related to the election of weed control practice. In the case of vine, localizing the field of vine with narrow inter-rows can be achieved by very high spatial resolution remote sensing [32] . This can be used to attribute the use of integral chemical weed control to most of the fields concerned, with a low probability of error.
To obtain more precise data on the probability of use of each weed control method and sub-method in each of the fields over the studied catchment, a second step would be to access databases of individual data on farm holdings and on their field structure. The required data are regularly updated in the farm censuses and the data banks of the co-operative wineries. In theory, they could be coupled with the cadastral data, but these data are private and access can be refused.
However, one should not overestimate these difficulties as the scale of the precisely localized field is not necessarily the most appropriate level of spatialization of the practices. Simulation data on an experimental sub-catchment in the Peyne Valley tend, in fact, to show that the pollution process is sensitive only to a distribution of practices in large and contrasted patches [24] .
One therefore needs to know whether such a visible pattern arises from the spatial distribution of the practices, and if this is the case, which of the three levels of organization primarily determine it.
The supply basin of the co-operative winery can appear to be an important level of spatialization of the practices when there are major differences in the structure of the holdings between the members of different wineries, reflected in very different proportions of each practice at the level of the supply basins, as is the case with the wineries studied.
In contrast, the holding and its land appear to be a level of spatialization of weed control methods that is of less interest. Our survey showed a high fragmentation and dispersion of the lands of the farm holdings. This will be reflected in a scattering of practices over the co-operatives' supply basins.
At the field level, only a preferential localization of the field constraints will affect the pollution process. This will frequently be observed in AOC areas as the use of the appellation, which makes it necessary to keep a certain percentage of the vines in traditional varieties, can lead to old vines being kept in production in these areas. It can also be observed when the presence of severely constrained geomorphological units leads to the grape varieties being changed first and foremost in the most favorable areas and hence to the association of vines with narrow inter-rows and the most severely constrained units. Such is the case in the Peyne Valley, for instance, with what are known as terraced areas. These are characterized by small, steeply sloping fields separated by a large bank [29] , and replanting them in vines with wide inter-rows would require consolidation accompanied by major leveling work.
If the field constraints are not preferentially localized, an assessment of the respective percentages of the different weed control practices on the scale of the co-operative's supply basin will probably suffice. It can be conducted by means of sample surveys, or from a photo interpretation to estimate the area under vines with narrow inter-rows, then by using the latest farm census data and recalibrating the relationship between type of holding and weed control practice. In many situations, it can be supposed that a good approximation of the supply basin of the co-operative winery can be given by the area of land under vines within the commune(s). The diversity of the holdings belonging to a co-operative winery can then be approximated from the data of the latest farm census.
A difficulty that should not be overlooked in this assessment relates to changes in the context in which the holdings are situated, as this can lead to major changes in their soil management practices. The slow rate of change of the spatial structure of the vineyard should be seen in contrast to the possibility of rapid changes in technical choices, under the influence of payment variations (market fluctuations), legal provisions or changes in technical advice. This is demonstrated by the changes in the practices in winery A emphasized above. At this point, we reach the limits of the spatial approach.
